Background: Human insulin is commonly used to treat hyperglycemia in patients with diabetes, but its potential link with female breast cancer is under debate. This study investigated whether human insulin use might be associated with breast cancer risk in Taiwanese women with type 2 diabetes. Methods: The reimbursement databases of all Taiwanese diabetic patients from 1996 to 2009 were retrieved from the National Health Insurance. An entry date was set at 1 January 2004 and a total of 482,033 women with type 2 diabetes were followed up for breast cancer incidence until the end of 2009. Incidences for ever-users, never-users and subgroups of human insulin exposure (using tertile cutoffs of time since starting insulin, cumulative dose and cumulative duration of insulin) were calculated and the adjusted hazard ratios were estimated by Cox regression. The potential risk modification by concomitant treatment with metformin, statin and angiotensin converting enzyme inhibitor/ angiotensin receptor blocker (ACEI/ARB) was also evaluated. Results: There were 59,798 ever-users and 422,235 never-users of human insulin, with respective numbers of incident breast cancer of 559 (0.93 %) and 4,711 (1.12 %), and respective incidence of 207.9 and 215.1 per 100,000 person-years. The overall adjusted hazard ratio (95 % confidence interval) did not show a significant association with insulin [1.033 (0.936-1.139)]. However, patients in the third tertiles of dose-response parameters might show a significantly higher risk of breast cancer while compared to never-users: 1.185 (1.026-1.368), 1.260 (1.096-1.450) and 1.257 (1.094-1.446) for ≥67 months for time since starting insulin, ≥39,000 units for cumulative dose of insulin, and ≥21.8 months for cumulative duration of insulin, respectively. Additional analyses suggested that the breast cancer risk associated with human insulin use might be beneficially modified by concomitant use of metformin, statin and ACEI/ARB. Conclusions: This study discloses a significantly higher risk of breast cancer associated with prolonged use of human insulin. The increased risk of breast cancer associated with human insulin use may be modified by medications such as metformin, statin and ACEI/ARB.
Background
Diabetes mellitus may increase the risk of breast cancer in terms of incidence and mortality [1, 2] . However, whether insulin use can be responsible for the increased risk of diabetes-related breast cancer is still under debate. Some in vitro and observational studies provide evidence for a potential link between insulin and breast cancer. For examples, insulin can be found in human breast cancer tissues [3] , and some breast cancers are responsive to insulin and administration of insulin/insulin-like growth factor 1 (IGF-1) receptor family kinase inhibitor or alloxan to produce a status of hypoinsulinemia by destroying the insulin producing pancreatic β-cells may inhibit tumor growth of breast cancer cell line [4] . Mammalian target of rapamycin (mTOR) is activated by insulin and insulin-mediated breast cancer progression in patients with type 2 diabetes mellitus may be abrogated by inhibition of mTOR [5] . The Women's Health Initiative study prospectively showed that elevated insulin level may predict postmenopausal breast cancer [6] .
Insulin glargine, a long-acting insulin analog, has a 6-to 8-fold higher binding affinity to IGF-1 receptor than human insulin [7] . Insulin glargine may stimulate the proliferation of breast cancer cell lines [8, 9] . A recent nested case-control study suggested that insulin glargine may increase the risk of all cancer, while human insulin and other types of insulin analogs do not increase cancer risk [10] . Long-term use or high dose of insulin glargine may significantly increase the risk of breast cancer [11] [12] [13] [14] . Therefore insulin glargine may have different effects on cancer development compared to other forms of insulin.
Insulin glargine was the first insulin analog introduced into the market of Taiwan in February 2004, but human insulin remains the most commonly used insulin in clinical practice. Therefore, it is clinically important to clarify whether human insulin can be associated with breast cancer. The purpose of the present study was to evaluate whether human insulin use without confounding exposure to insulin analogs would increase the risk of breast cancer in female patients with type 2 diabetes mellitus, by using the National Health Insurance (NHI) databases of Taiwan. The reasons for precluding the investigation of the effect of insulin glargine in the present study is due to the observation in clinical practice that most users of insulin might have been prescribed human insulin for a while before being given insulin glargine or might have been treated with a combination of human insulin and insulin analogs, making it difficult to dissect an effect of insulin glargine independent of human insulin. Additionally, the shorter duration of exposure to insulin glargine in most patients and the small number of cases prescribed insulin glargine during the study period would lead to a lack of sufficient statistical power for subgroup analyses in the study.
Methods
This is a nationwide cohort analysis using the NHI databases including all patients with a diagnosis of diabetes mellitus during the period from 1996 to 2009 in Taiwan. The study was approved by an ethic review board of the National Health Research Institutes with registered approval number 99274. Written informed consent from the participants was not required according to local regulations because the identification information of the individuals was scrambled and de-identified prior to analysis for the protection of privacy.
Since March 1995 a compulsory and universal system of health insurance (the so-called NHI) was implemented in Taiwan. All contracted medical institutes must submit computerized and standard claim documents for reimbursement. More than 99 % of citizens are enrolled in the NHI, and >98 % of the hospitals nationwide are under contract with the NHI. The average number of annual physician visits in Taiwan is one of the highest around the world, at approximately 15 visits per year per capita in 2009.
The National Health Research Institutes is the only organization approved, as per local regulations, for handling the NHI reimbursement databases for academic research. The databases contain detailed records on every visit for each patient, including outpatient visits, emergency department visits and hospital admission. The databases also include principal and secondary diagnostic codes, prescription orders, and claimed expenses.
The identification information of the individuals was de-identified for the protection of privacy. Diabetes was coded 250.XX and breast cancer 174, based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
The entry date was set on 1 January 2004. The selection of this entry date was due to the fact that insulin glargine or other insulin analogs were not available before this date in Taiwan. Therefore at the time of enrollment, all patients would not have been exposed to insulin glargine or other insulin analogs. Patients who might happen to be prescribed insulin glargine or other insulin analogs after the entry date were censored on the date of their prescriptions as mentioned later in the calculation of person-years of follow-up. These procedures assured that none of the patients were exposed to insulin glargine or other insulin analogs during followup in either the human insulin ever-users or never-users defined in the study.
We first retrieved the databases of all patients who had been diagnosed as having diabetes and under treatment with either oral antidiabetic drugs (OAD) or insulin during the period of 1996-2009 from the whole nation and who remained in the insurance program after the entry date (n = 1,557,468). After excluding men (n = 930,327), patients who had a diagnosis of diabetes after the year 2004 (n = 534,522), patients who held a Severe Morbidity Card as having type 1 diabetes (n = 5,894, in Taiwan, patients with type 1 diabetes were issued a so-called "Severe Morbidity Card" after certified diagnosis and they were waived for much of the co-payments), patients having a diagnosis of breast cancer before 2004 (n = 11,969), those who died (n = 62,176) or withdrew from the NHI (n = 9,512) before entry date, duplicated identification number (n = 106), unclear information on date of birth or sex (n = 5,122), and patients who had been prescribed insulin only once (n = 70,151, some patients might have been given insulin temporarily for certain medical conditions but they might not be real cases of diabetes), a total of 482,065 female patients with a diagnosis of type 2 diabetes mellitus and under therapy with OAD or insulin were recruited. A total of 32 patients who had been prescribed insulin during the first year (i.e., 1996) of the availability of NHI database were further excluded to assure the accuracy in the calculation of the dose-response parameters of insulin exposure as described below.
Those who had ever been prescribed insulin before entry date were defined as ever-users (n = 59,798, 12.4 %); and never-users (n = 422,235, 87.6 %) were defined as those who had never been prescribed insulin before entry date. To evaluate whether a dose-response relationship could be seen between human insulin and breast cancer, tertile cutoffs for the following three variables were used: time since starting human insulin in months, cumulative duration of human insulin therapy in months and cumulative dose of human insulin in units, were calculated from the databases and used for analyses [15, 16] .
All comorbidities and covariates were determined as a status/diagnosis before the entry date. The ICD-9-CM codes for the comorbidities were [17] The incidence density of breast cancer was calculated for ever-users and never-users and for different subgroups of exposure. The numerator for the incidence was the number of patients with incident breast cancer during the 6-year follow-up (from 1 January 2004 to 31 December 2009), and the denominator was the person-years of follow-up. For ever-users, the follow-up duration was either censored at the date of initiation of insulin glargine or other insulin analogs, or breast cancer diagnosis or at the date of the last record of the available reimbursement databases in individuals without incident breast cancer. For never-users, the follow-up was censored at the date of insulin initiation (including human insulin or insulin analogs) or breast cancer diagnosis or the last reimbursement record, depending on whichever occurring first. This ensured no exposure to insulin of any form throughout the whole follow-up period until censor in the referent group of never-users; and no exposure to insulin glargine or other insulin analogs in the group of ever-users of human insulin.
Cox proportional hazards regression was performed to estimate the hazard ratios for breast cancer for ever-users versus never-users, and for the various subgroups of dose-response parameters based on the tertile cutoffs using never-users of human insulin as the referent group. The models were adjusted for all variables compared previously as baseline characteristics between ever-users and never-users (primary model). In all regression models, age and diabetes duration (logarithmically transformed to normalize the data) were treated as continuous variables.
To examine whether the results might be consistent under different conditions, the following models were conducted as sensitivity analyses: 1) adjusting only for the following important risk factors of breast cancer: age, diabetes duration, obesity, estrogen, metformin, statin and ACEI/ARB (sensitivity model I); and 2) including human insulin exposure post entry date but prior to breast cancer diagnosis in the calculation of the dose-response parameters.
Some medications commonly used in patients with diabetes such as metformin [18, 19] , statin [20] and ACEI/ARB [21, 22] may affect the risk of breast cancer. In order to evaluate the potential risk modification by these medications with short-or long-term exposure, additional Cox regression models were created by categorizing the patients into various groups of exposure to insulin and to these medications for <2 years or ≥ 2 years. In consideration that some medications might be used after the entry date, the exposure duration to insulin and the other medications were calculated until censor.
Analyses were conducted using SAS statistical software, version 9.3 (SAS Institute, Cary, NC). P < 0.05 was considered statistically significant. Table 1 compares the baseline characteristics between ever-users (n = 59,798) and never-users (n = 422,235) of human insulin. All variables differed significantly between the two groups. Ever-users are characterized by older age, longer diabetes duration, higher proportions of all comorbidities and other cancer, and higher proportions of using other medications. Table 2 shows the incidences of breast cancer between ever-users and never-users of human insulin, and among the different tertiles of the dose-response parameters of human insulin exposure. In the primary model, the overall hazard ratio (1.033, 95 % confidence interval: 0.936-1.139) for ever-users versus never-users was not statistically significant, but a significantly higher risk was observed in the third tertiles of all three doseresponse parameters. Similar findings were noted in sensitivity model I where only a subset of important risk factors of breast cancer was adjusted for. Additionally, a significantly lower risk of breast cancer was observed for the first tertiles of cumulative dose and cumulative duration of exposure. In sensitivity model II where human insulin exposure post entry date but prior to breast cancer diagnosis was also included in the calculation of the dose-response parameters, significantly higher risk of breast cancer was still observed in the third tertiles of time since starting human insulin and cumulative duration of human insulin exposure, and in the second tertile of cumulative dose of human insulin. Table 3 shows the results of the models that considered the potential risk modification by the use of other medications. In Model I, patients treated with human insulin alone without any OAD had a significantly higher risk of breast cancer (hazard ratio: 1.413, 95 % confidence interval: 1.030-1.940). On the other hand, patients treated with OAD with a short duration of insulin treatment for <2 years had a significantly lower risk, while the risk became neutral in those who had been treated with OAD plus human insulin for ≥2 years. Model II suggested that human insulin users who also had been treated with metformin for ≥2 years had a significantly lower risk of breast cancer (hazard ratio: 0.798, 95 % confidence interval: 0.741-0.859). Model III suggested that human insulin users who also had been treated with statin for as short as <2 years had a significantly lower risk of breast cancer. The beneficial effect seemed to persist in patients who had used statin for a longer duration of ≥2 years. In Model IV, human insulin users without use of ACEI/ARB or with a shortterm use of ACEI/ARB for <2 years had a significantly lower risk of breast cancer, while those who had been treated with ACEI/ARB for a longer term (≥2 years) showed a neutral risk association.
Results

Discussion
The findings of this large population-based study suggested that prolonged exposure to human insulin may increase the risk of breast cancer after multivariable adjustment (Table 2) . Significantly higher risk of approximately 25 % can be consistently observed in the third tertile of a cumulative duration of human insulin exposure ≥21.8 months in all three models including the primary model and the two sensitivity models ( Table 2 ). The increased risk can be as high as 40 % in a subset of patients who had been treated with insulin alone without the use of any OAD (Model I, Table 3 ). Additional analyses suggested that the risk of breast cancer associated with human insulin use might be modified by a combination use of other medications including metformin, statin and ACEI/ARB (Models II to IV, Table 3 ).
Insulin per se may be able to increase the risk of breast cancer through several mechanisms. First, insulin is a well-known growth factor, which may activate the proliferation of breast cancer cells through its interaction with the insulin receptor or the IGF-1 receptor [23] and through activating the mTOR pathway [5] . Second, exogenous insulin administration is always followed by increased body weight, which is a key feature leading to insulin resistance, hyperinsulinemia, hyperglycemia, increased oxidative stress and proinflammation. All of these can contribute to the increased risk of various types of cancer in epidemiological studies [24] [25] [26] [27] . Third, clinically it is not easy to obtain optimal physiological level of insulin to sustain glycemic control by exogenous insulin administration and therefore hyperinsulinemia is unavoidable in the presence of insulin resistance, leading to a vicious cycle favoring the development of breast cancer.
Diabetes severity may be a prime driver of breast cancer risk, and insulin is always used at a late stage of diabetes when pancreatic β cells are exhausted and most OAD fail to adequately control blood glucose. Therefore, indication bias may exist when insulin is used in patients having more comorbidities and using more concomitant drugs that may also affect the risk of breast cancer. In the present study, although most comorbidities and medications that may be related to the exposure to human insulin and/or to breast cancer have been considered as potential confounders (Tables 1, 2 and 3) , it was not able to neatly segregate the confounding effect of other indicators of diabetes severity such as glycemic control, which might also be highly correlated with the use of insulin, from the effect of insulin per se. All of the indicators of disease severity may also progress in intensity with respect to the length of diabetes duration and thus to the duration of insulin exposure. Therefore, a link between the dose-response parameters of insulin use might also reflect a link with progressive pathophysiological changes associated with increasing diabetes duration such as insulin resistance, inflammation, oxidative stress, and aggravated hyperglycemia. It is true that diabetes per se may increase the risk of breast cancer, disregarding the use of insulin, as observed in a recent Danish study [28] , suggesting a possible link through some underlying features of diabetes and not through exogenous insulin administration. However this Danish study fell short of a lack of dose-response analysis, being unable to differentiate the use of human insulin and insulin glargine, and a lack of adjustment for potential confounders. Actually if we did not consider the dose-response analyses, the overall hazard ratio was not significant (Table 2 ).
Some studies suggested that patients using insulin glargine may have a higher risk of cancer than patients using human insulin [10] . However, a recent analysis including 31 randomized clinical trials did not find a higher incidence of cancer, including breast cancer, in patients using insulin glargine in comparison to comparators [29] . In the present study, the possibility of exposure to insulin glargine or other insulin analogs had been excluded in the calculation of the person-years during the follow-up. Therefore, whether insulin glargine may increase breast cancer risk in our population is an issue awaiting further confirmation.
Taken together, although the present study demonstrated a link between prolonged use of human insulin and breast cancer risk, it was not able to clearly discern the cause-effect relationship due to the inherent bias across the two groups of patients featuring a potential direct impact of diabetes severity on breast cancer risk. However, because of the biological plausibility of an insulin effect on breast cancer development and the relationship featuring a lack of association during the initial period of insulin use and the requirement of an adequate incubation period for a significant risk (Table 2) , a carcinogenic effect of prolonged use of human insulin on breast tissue could not be completely excluded. The finding of a significant link between insulin use for 3 or more years and mortality from breast cancer in a recent follow-up of a large cohort of female patients in Taiwan [24] adequately reflects a close link between insulin use for approximately 2 years and breast cancer risk (Table 2) as shown in the present study. Metformin is commonly used among the studied patients (Table 1) and it has been shown to reduce the risk of breast cancer in previous studies [18, 19] . This beneficial effect of metformin could also be demonstrated in the present study (Model II, Table 3 ). It is clearly demonstrated here that patients who had used only human insulin without the use of any other OAD might suffer from a significantly higher risk of breast cancer with an estimated hazard ratio of 1.413 (95 % confidence interval: 1.030-1.940), while those who had used OAD plus a short-term human insulin use of <2 years might have a significantly lower risk of breast cancer (Model I, Table 3 ). However, when human insulin had been used for a prolonged duration of ≥ 2 years in addition to OAD, the lower risk observed in the previous group attenuated and became neutral (Model I, Table 3 ). The lower risk associated with OAD when human insulin had been used for <2 years (Model I, Table 3 ) might reflect a beneficial effect of metformin (Model II, Table 3 ), which was a commonly used OAD ( Table 1) .
The analysis in Model III of Table 3 also suggested a beneficial effect of statin after a short duration of its use for <2 years, which persisted after a prolonged duration of ≥2 years. Hypercholesterolemia may accelerate breast tumor growth in mice [30] , probably through the interaction between 27-hydroxycholesterol (a primary metabolite of cholesterol) and the estrogen receptor and liver X receptor [31] . A recent UK study also suggested that hypercholesterolemia may possibly increase the risk of breast cancer in humans [32] . Therefore, it is not known whether the lower risk associated with statin use could be due to the biological effects of statin per se or due to an effective reduction in serum cholesterol level associated with statin use. It is worthy to point out that even though highly lipophilic statin, such as simvastatin, but not hydrophilic statin, has been shown to reduce breast cancer risk [33] , there is a debate with regards to an increased risk of breast cancer associated with statin use, especially among the elderly [34] . The association between ACEI/ARB and breast cancer risk has been controversial. While some studies suggested a lack of association [35, 36] , a study conducted in Taiwan suggested a lower risk of breast cancer associated with the use of ACEI [37] and another study conducted in Turkey suggested that patients with breast cancer who used ACEI/ARB might have a lower risk of recurrence and disease progression [38] . On the other hand, studies conducted in Taiwan [36] and in the USA [39] suggested a likely risk association with another class of antihypertensive drugs, the calcium channel blockers. ACEI/ARB are considered the first-line antihypertensive treatment in patients with diabetes, but a combination therapy with a calcium channel blocker, which is more potent in blood pressure lowering, is always required in diabetic patients with long-term hypertension. Taking into consideration the algorithm of the use of antihypertensive agents in the diabetic patients, patients not using ACEI/ARB in the present study might mainly represent those without hypertension and patients who had been using ACEI/ARB for <2 years might represent those with hypertension for a short period of time. On the other hand, diabetic patients who had been treated with ACEI/ARB for 2 or more years might have represented those with a long-term hypertension in whom a combination therapy with a calcium channel blocker is always necessary. Therefore, the attenuation of the beneficial effect of ACEI/ARB in patients who had been using these agents for ≥2 years (Model IV, Table 3 ) might also be explained by the effect of other antihypertensive agents added on top of ACEI/ARB such as calcium channel blockers. It should be admitted that the present study was not aimed at evaluating the risk of breast cancer associated with antihypertensive treatment and therefore further studies are necessary to clarify the risk association of breast cancer with the various classes of antihypertensive agents.
Obesity, reproductive factors and hormone use have been identified as risk factors of breast cancer [40] [41] [42] . In the present study a diagnosis of obesity and the use of estrogen had been included as potential confounders, but information of reproductive factors was not available in the NHI database. It should be pointed out that the prevalence of obesity was much underestimated in either the ever-users or never-users of insulin by using a diagnosis of obesity as a surrogate (Table 1) . In a previous epidemiologic survey, the prevalence of obesity in patients with diabetes was 33.5 % and 7.1 %, respectively, by using a body mass index cutoff of ≥25 and ≥30 kg/m 2 [43] . Therefore, a residual confounding of obesity could not be excluded in the present study. The lack of adjustment for reproductive factors might probably exert negligible confounding effect because a confounder needs to be associated with both exposure and disease, and should not be an intermediate variable in the causal pathway [44] . There is probably no evidence to suggest a link between reproductive factors and insulin use.
This study has several strengths. The databases included all claim records on outpatient visits, emergency department visits and hospital admission, and we caught the diagnoses from all sources. Cancer is considered a severe morbidity by the NHI and most medical co-payments can be waived. Furthermore, there is a low drug cost-sharing required by the NHI and patients with certain conditions such as low-income household, veterans or patients with prescription refills for chronic disease are exempted from the drug cost-sharing [45] . Therefore the detection rate of breast cancer would not tend to differ among different social classes. The use of medical record also reduced the potential bias related to self-reporting. Furthermore, we excluded patients with type 1 diabetes mellitus to demonstrate a link with type 2 diabetes mellitus; and excluded the potential contamination of the use of insulin glargine or other insulin analogs to demonstrate a link with human insulin. Because the databases were derived from the whole population, another important strength was an exclusion of potential selection bias related to sampling error.
Study limitations included a lack of actual measurement data of confounders such as obesity, smoking, alcohol drinking, family history, lifestyle, diet, reproductive factors and genetic parameters. In addition, we did not have biochemical data such as blood glucose level, insulin, or C-peptide for evaluating their impact. Finally, the present study was not able to evaluate the histological patterns, molecular markers (such as the expression of estrogen receptor) or clinical stages of breast cancer. According to the Taiwan Cancer Registry, 88.7 % of all cases with breast cancer may have invasive ductal carcinoma [46] . Therefore the breast cancer in the present study might reasonably be related to this histological type. Although misclassification of breast cancer might occur, such a probability was low because labeled diagnoses should be printed out in all prescriptions handed to the patients. Mislabeling of a cancer diagnosis would not be acceptable to the patients when they saw the diagnosis.
Conclusions
The present study reveals a significantly higher risk of breast cancer associated with prolonged use of human insulin in female patients with type 2 diabetes mellitus. Such a risk can be consistently demonstrated when cumulative duration of human insulin exposure is ≥21.8 months. However, whether such an effect is independent of disease severity, which is highly correlated with the use of insulin, remains to be clarified. The link between human insulin can also be beneficially modified by a combination therapy with metformin, statin or ACEI/ARB. Whether insulin glargine or other insulin analogs may increase the risk of breast cancer is not evaluated in the present study, but this can be an important issue worthy of further investigation.
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